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Description 



METHOD AND SYSTEMS FOR SETTING 

AUTOMATIC GUN TRIGGERING 
PARAMETERS IN AUTOMATED SPRAY 
COATING SYSTEMS 

Cross Reference to Related Applications 

[0001] This application is a divisional application of United States 
Patent Application Serial No. 10/195,585, filed July 16, 
2002, which is continuation application of United States 
Patent Application Serial No. 09/933,967, filed on August 
21, 2001, which is a divisional of United States Patent Ap- 
plication Serial No. 09/302,100, filed on April 29, 1999 
(now U.S. Patent No. 6,296,708), the entire disclosures of 
which are fully incorporated by reference herein. 
Background of Invention 



[0002] The present invention pertains generally to automated 

spray or coating systems such as powder or liquid coating 
systems and, more particularly, to control systems for 



controlling spray guns in automated coating systems. 

[0003] | n automated coating systems, for example of the type 
having one or more controlled material application spray 
guns (such as powder spray guns) positioned adjacent to 
a conveyor which carries parts to be coated past the guns, 
the guns are controlled (turned on and off and in some 
cases moved relative to the parts) to apply an optimal 
spray pattern to parts. Whenever there is a gap between 
parts on the conveyor, the guns should be turned off to 
stop spraying in order to minimize waste of material such 
as powder coating material. The turning on and off of the 
guns is referred to as "gun triggering". Automatic gun 
triggering gives the ability to optimize material usage. 
Automatic gun triggering uses a set of adjustable param- 
eters which allow each gun of an array to automatically 
and efficiently apply a coating material to the parts. The 
automatic gun triggering parameters specify when and for 
how long each gun will spray a specific part. 

[0004] | n p r j or ar t systems of this type, the setting of optimal 

gun triggering parameters is difficult. An initial activation 
of the gun or guns has conventionally been accomplished 
by use of a photoeye detector which "sees" a part as it 
passes by on the conveyor. The first spray gun of an array 



is located at a fixed point from the photoeye. Many vari- 
ables must be accounted for in achieving optimum spray 
coating, such as part size and shape, rate of conveyance, 
and spacing between parts. In a straight, uncalibrated au- 
tomatic spraying set-up, the guns are turned on precisely 
at the front edge of a part, and turned off precisely at the 
back edge. This type of gun control may not completely 
coat the front and back edges of the part. Therefore, the 
triggering of the gun may have to be controlled to turn on 
prior to arrival of the part, and to continue spraying after 
the part has passed for complete coating of the part. This 
is called an "extended wrap" pattern which starts spraying 
prior to arrival of the leading edge of a part, and contin- 
ues spraying after the part has passed. The gun on and 
gun off signals must be separately determined for ex- 
tended wrap patterns. For example, if the guns were set 
to turn on before arrival of a part, this could cause the 
guns to turn off prior to arrival of the trailing edge of the 
part at the gun. A "delay off control is used for keeping 
the guns spraying until the trailing edge of the part has 
passed. In other gun triggering set-ups, it is desired to 
start spraying after the leading edge of the part has 
passed the gun. This is referred to as "restricted wrap" 



pattern. In this case, a "delay-on" control is required to 
prevent the gun from spraying at the leading edge of the 
part. In this case also, the total spray duration must be 
adjusted to account for the delay-on control. 
[0005] p r j or ar t systems therefore have required setting of three 
different gun triggering control parameters: Del ay- off (for 
extended wrap), Delay-on (for restricted wrap), and a pa- 
rameter known as the "Pickoff". The Pickoff is the parame- 
ter which determines when the gun will start spraying rel- 
ative to the position of a part approaching the gun. The 
distance "D" is the distance from the photoeye to the gun. 
If the Pickoff is set to equal the distance "D" then the gun 
will start spraying exactly when the part reaches the gun 
(i.e., when a leading edge of the part is aligned with the 
gun). The gun will start spraying at the Pickoff point, and 
spray for the length of the part, i.e., for the amount of 
time it takes the part to pass the gun C. The length of the 
part is automatically detected as the part is carried 
through the photoeye on the conveyor and this informa- 
tion is input to the controller. If the Pickoff is set at less 
than the fixed distance D, and no adjustments are made, 
the gun would start spraying before the forward edge of 
the part passes the gun, spray for the length of the part 



and stop spraying before the part has passed the gun. If 
the Pickoff is set at greater than the distance "D", the gun 
will start spraying after the part reaches the gun, spray for 
the length of the part, and stop spraying after the rear 
edge of the part has passed the gun. 

[0006] | n the prior art, as schematically shown in FIG. 1, in order 
to spray a distance "X" before the part reaches the gun, 
and to continue spraying after the part has passed the 
gun for a distance "Y", the following setup is required: 

[0007] Pickoff =D-X 

[0008] Delay-on=0 (since this is an extended wrap pattern and 

Delay-on is only used for restricted wrap patterns) 
[0009] Delay-off=X+Y 

[0010] The Pickoff, the part position at which the gun will start 
spraying, (D-X) is less than the distance "D". The gun will 
start spraying the distance "X" before the leading edge le 
of the part reaches the gun. Spray continues for the dis- 
tance X plus the length "P" of the part plus the distance Y 
after the trailing edge of the part passes the gun. Thus, 
the Delay-off is set at X+Y meaning the controller holds 
the guns open for the distance of X+Y conveyor move- 
ment in addition to the distance P which is the length of 



the part. To achieve this spray pattern, a D-X Pickoff value 
and X+Y Delay-off value are input to the controller. 

[001 1] one difficulty of this prior art gun triggering procedure 
lies in the fact that both the Pickoff and the Delay-off are 
functions of the same variable X. If there is a change in 
the distance "X", the distance in front of the part that the 
gun begins spraying, both the Pickoff and the Delay-off 
parameters must be adjusted and input again into the 
controller. The Pickoff and the Delay-off parameters are 
not independent. 

[0012] a numerical example of a prior art spray pattern is also 
shown in FIG. 1. In a case where the system is to apply a 
coating to part P such as a flat panel which is 20 inches 
long, in order to coat the leading and trailing edges of the 
panel it is desired to start spraying 6 inches (of conveyor 
travel) before the leading edge le of the part P arrives at 
gun G, and to continue spraying for 4 inches (of conveyor 
travel) after the trailing edge te of the part passes gun G. 
This "extended wrap" spray pattern covers a total distance 
of 30 inches (6"+20"+4"). In other words, 30 inches of the 
conveyor on which the part is mounted passes the gun G 
during the spray period. 

[0013] if the gun is set to start spraying 66" beforethe leading 



edge of the part reaches the gun G, the pickoff must be 
adjusted by subtracting 6" from the 100" distance D be- 
tween the photoeye PE and gun G. Therefore, an "adjusted 
pickoff" of 96"(D-X) is input to the controller. To continue 
spraying for 4" after the part passes the gun, the "Delay- 
off of 10" (6"+ 4") is also input to the controller The 
length of the part P=20" is read by the photoeye as the 
part passes the photoeye and also input to the controller, 
hen the leading edge of the part P is 6" from the gun, the 
gun will spray for 30" of conveyor travel (6"+ 20"+ 4"). 
The gun will stop spraying 4" after the trailing edge te of 
the part P passes the gun G. 
[0014] |f a change in the setup is made to spray, for example, 9" 
before the leading edge, and still 4" after the trailing 
edge, the length of spray before the leading edge must be 
changed, from 6" to 9". he Pickoff is set to start spraying 
9" before the leading edge le of the part reaches the gun 
G. Therefore, 100"-9"= 91" is now input to the controller 
as the Pickoff. The Delay-off value must also be adjusted 
to 9" + 3"= 12" and input into the controller. The part 
length of 20" is unchanged. With these new parameters, 
the gun will start spraying 99" before the leading edge of 
the part arrives at the gun and will spray continuously for 



9"+ 20" + 4"= 33" of conveyor travel. Thus, to generate 
this new triggering pattern, the Pickoff must be adjusted 
and reinput as well as the Delay-off. This makes this trig- 
gering system difficult and time consuming to configure 
and re-configure especially for different types of parts 
combined on a single conveyor. 
[0015] Another problem associated with automated spray sys- 
tems of the prior art is the inability of the operator to 
watch the spraying operation to confirm proper coating 
coverage. This is because a stationary control panel is 
typically located adjacent to a spray booth wherein the 
spray guns are located. Ideally, an operator is able to ob- 
serve parts as they pass through the booth past the guns 
to assess the pattern and extent of coating coverage. 
However, since the operator must remain at the control 
panel, in some installations it is difficult to see from the 
panel location the parts as they are coated. This makes it 
more difficult to properly set the spraying parameters. 
Summary of Invention 

[0016] The present invention overcomes these and other disad- 
vantages and shortcomings of prior art systems. The in- 
vention provides an automated coating application system 
and method in which the spraying parameters for different 



spray patterns are independently adjusted by the user in 
order to rapidly and accurately configure the system for 
optimum coating of a succession of conveyed parts. The 
automatic gun triggering system of the invention has an 
automatic gun triggering set-up feature which allows the 
operator to easily and rapidly set the triggering of the 
spray guns, by directly observing the movement of parts 
past the spray guns. The gun triggering settings or pa- 
rameters are input to a control system through a hand- 
held mobile pendant having START SPRAY, STOP SPRAY, 
SAVE and SET PICKOFF input controls. 

[0017] The invention uses three independent spraying parame- 
ters: Pickoff, Front-Edge-Spray and Back-Edge Spray. 

[0018] | n the invention, the Pickoff is always a fixed distance "D" 
from the photoeye to the gun. Because the photoeye and 
gun locations are fixed, the Pickoff does not change. The 
Pickoff is set only once unless the gun or/and the photo- 
eye are physically moved. For this reason, it is referred to 
as the "Permanent Pickoff. 

[0019] The Front-Edge-Spray, if greater than zero, is the position 
of the front edge fe of the part before arriving at the gun, 
at which the gun starts spraying. If less than zero, the 
Front-Edge-Spray is the distance of travel of the front 



edge fe of the part past the gun, for which spray is with- 
held. If the Front-Edge-Spray is equal to zero, spray will 
start when the front edge fe is aligned with the gun. 

[0020] The Back-Edge-Spray is the gun triggering parameter 

which determines when the gun will stop spraying relative 
to a position of the back edge of a part. If the Back- 
Edge-Spray is set at less than zero, the gun will stop 
spraying before the back edge of the part reaches the 
gun. If the Back-Edge-Spray is set at greater than zero, 
the gun will continue to spray after the back edge be of 
the part has passed the gun. If the Back-Edge-Spray is set 
at zero, the spray will stop when the back edge be is 
aligned with the gun. 

[0021] | n one example of the invention, described with reference 
to FIG. 2, in order to spray a distance "X"b efore the part 
reaches the gun (i.e., a "Front Edge Spray" or "FES"), plus 
spray for the length P of the part, plus spray a distance Y 
after the part passed the gun (i.e., a "Back-Edge-Spray" or 
"BES"), the following setup is required: 

[0022] Pickoff = D 

[0023] Front-Edge-Spray = X 
[0024] Back-Edge-Spray = Y 



[0025] The pickoff = D is fixed ("Permanent Pickoff"). The gun 
will start spraying at the distance "X" before the front 
edge fe of the part is aligned with the gun, spray for the 
length of the part P (as detected by a photoeye sensor), 
and spray a distance Y after the back edge be of the part P 
passes the gun. The Front-Edge-Spray distance "X", and 
the Back-Edge-Spray distance "Y", are set independent of 
each other, so that adjustment of one does not require a 
corresponding adjustment of the other. Stated in another 
way, because the Front-Edge-Spray X is not determined 
by an adjustment of the Pickoff, a change in the Front- 
Edge-Spray does not require a corresponding adjustment 
of the Back-Edge-Spray, as is required in prior art sys- 
tems. 

[0026] | n accordance with one aspect of the invention, there is 
provided a system for automatically applying a coating 
such as a powder coating to a succession of parts, and an 
automated control system for controlling triggering of one 
or more spray guns for optimized coating of each part. 
The gun triggering control system has three control pa- 
rameters, START SPRAY, STOP SPRAY, and SET PICKOFF for 
triggering the spray guns on and off relative to the opera- 
tor observed passage of a part past the spray guns. The 



triggering control parameters, preferably input through a 
hand-held pendant, are stored in a programmable con- 
troller which controls the operation of the spray guns. 
Once the triggering parameters are set by operator inputs 
from the hand-held pendant, the system is ready to com- 
mence automatic spray coating of a series of parts carried 
by the conveyor. Multiple gun triggering control parame- 
ters can be entered into the system for parts of differing 
dimensions. A part identification sensor identifies parts 
prior to arrival at the spray guns and triggers the spray 
guns according to the parameters stored for the identified 
part. 

[0027] | n accordance with another aspect of the invention, there 
is provided an automated coating application system hav- 
ing one or more spray guns operative to spray a coating 
onto parts carried by a conveyor past the spray guns. A 
sensor such as a photoeye is operative to detect the pres- 
ence and length of a part carried by the conveyor past the 
sensor. A spray gun control system has input controls 
which control triggering of the spray guns. The input con- 
trols are connected to a programmable controller opera- 
tive to trigger the spray guns to on and off states corre- 
sponding to Front Edge Spray and Back Edge Spray gun 



control parameters input by an operator through the input 
controls. The parts conveyed past the guns are coated ac- 
cording to the Front Edge Spray and Back Edge Spray gun 
control parameters. A change in either the Front Edge 
Spray or Back Edge Spray triggering parameters does not 
require a corresponding change in the other. 
[0028] | n accordance with another aspect of the invention, there 
is provided a method of triggering one or more spray 
guns in an automatic spray coating system having at least 
one spray gun located proximate to a conveyor. Parts to 
be coated are conveyed past the spray gun by a conveyor. 
The spray gun is operatively connected to a coating sup- 
ply, and to a spray gun triggering control system opera- 
tive to turn the spray guns on and off according to gun 
triggering control parameters input by an operator to the 
control system. The system has a sensor for sensing the 
presence and length of a part conveyed by the conveyor, 
and a control input device having START SPRAY, STOP 
SPRAY, SAVE and SET PICKOFF input controls. The method 
includes the steps of: observing a part as it is conveyed by 
the conveyor up to and past at least one of the spray guns 
of the system; selectively triggering one of the spray guns 
to an "on" state by operation of the START SPRAY control 



of the control input device at a desired position of a front 
edge of the part relative to the spray gun to define a Front 
Edge Spray gun triggering control parameter; pressing the 
SET PICKOFF control when a front edge of the part is 
aligned with one of the spray guns, selectively triggering 
the spray gun to an off state by operation of the STOP 
control of the control input device at a desired position of 
a back edge of the part relative to the spray gun to define 
a Back Edge Spray gun triggering control parameter; stor- 
ing the selected gun triggering parameters as a control 
recipe in the gun triggering control system by operation 
of the SAVE control; whereby a gun triggering control 
recipe is set for spraying the part conveyed by the con- 
veyor according to the control recipe; and repeating this 
method for other parts input into the control system with 
other control recipes. 
[0029] | n accordance with another aspect of the invention, for 
automated spray coating arrangements which utilize a 
conveyor to convey parts past one or more spray guns for 
painting or coating, there is provided an automated 
method and system for determining spray gun triggering 
parameters based upon operator inputs according to ob- 
servation of parts as they are conveyed past the guns. A 



sensor located proximate to a part conveyor senses the 
presence of a part, and records the front and back edges 
and length of the part in terms of encoder counts of con- 
veyor movement. An operator presses a SET PICKOFF in- 
put control when the front edge of the part is aligned with 
the spray gun to provide a signal to the control system 
which indicates the distance from the sensor to the gun, 
referred to as a Permanent Pickoff. A START SPRAY input 
control is pressed when spraying is to commence, relative 
to a position of a part to the spray gun. A STOP SPRAY in- 
put control is pressed when spraying is to stop, relative to 
a position of the part to the spray gun. By the conveyor 
encoder counts, the system determines a Front Edge Spray 
gun triggering control by subtracting the START SPRAY 
encoder value from the Permanent Pickoff. The system 
determines a Back Edge Spray gun triggering control by 
subtracting from the STOP SPRAY encoder count the 
length of the part and the Permanent Pickoff. By this 
method and system, the Front Edge Spray and Back Edge 
Spray gun triggering control parameters can be indepen- 
dently set and adjusted by observation by an operator, to 
provide an easy way of achieving any desired spray pat- 
tern. 



[0030] These and other aspects of the invention are herein de- 
scribed in particular detail with reference to the accompa- 
nying Figures. 
Brief Description of Drawings 

[0031] | n the accompanying Figures: 

[0032] FIG. 1 is a schematic diagram of the various parameters of 
an automated coating system operated in accordance with 
the gun triggering control systems and methods of the 
prior art; 

[0033] FIG. 2 is a schematic diagram of the various parameters of 
an automated coating system operated in accordance with 
the automatic gun triggering control systems and meth- 
ods of the present invention; 

[0034] FIG. 3 is a schematic diagram of an automatic gun trig- 
gering control system of the present invention; 

[0035] FIG. 4 is a flow chart of a method for controlling an auto- 
mated spray coating system; 

[0036] FIG. 5 is a schematic diagram of a part P at various posi- 
tions in an automated spray system, and 

[0037] FIGS. 6A-6D are schematic diagrams of a part P at various 
positions in an automated spray system programmable to 
apply different spray patterns. 



Detailed Description 

[0038] with reference to FIG. 2, the system and method of the in- 
vention uses three parameters to establish an optimum 
spray pattern for any given part or series of parts. The pa- 
rameters include: 1) a Permanent Pickoff distance D (e.g. 
100") defined as the distance from a sensor 206 such as a 
photoeye to one of the spray guns G of a spray gun array 
of an automatic spray coating arrangement; 2) front edge 
spray (FES), which is the point at which the guns will start 
spraying relative to a front edge of the part; and 3) back 
edge spray (BES), which is the point at which the guns will 
stop spraying relative to a back edge of the part. The Per- 
manent Pickoff distance D (also referred to as "Pickoff) is 
defined as the distance from the sensor 206 to the gun G, 
which may be, for example, the first gun of an array or 
bank of guns. 

[0039] The FES is the distance at which the gun or guns start 
spraying before the front edge of the part arrives at the 
gun. An FES greater than zero will cause the gun(s) to 
start spraying before the front edge of the part. The 
greater the value of the FES, the earlier before the front 
edge of the part the gun will start spraying. An FES less 
than zero causes the gun(s) to start spraying after the 



front edge of the part has passed the gun (i.e., restricted 
spray). The more negative the value of the FES, the later 
the gun will start spraying after the front edge of the part 
passes the gun. An FES equal to zero causes the gun(s) to 
start spraying exactly at the front edge of the part. 

[0040] The BES is the distance at which the gun or guns stop 

spraying relative to a position of the back edge of the part 
to the gun(s). A BES greater than zero causes the gun(s) to 
stop spraying after the back edge of the part has passed 
the gun. The greater the value of the BES, the later the 
guns will stop spraying after the passage of the back edge 
of the part past the gun(s). A BES less than zero causes 
the guns to stop spraying before the back edge of the part 
reaches the guns (i.e., restricted spray). The more nega- 
tive the value of the BES, the earlier the guns will stop 
spraying before the back edge of the part passes the gun. 
A BES equal to zero causes the gun(s) to stop spraying ex- 
actly at the back edge of the part, i.e., when the back 
edge of the part is aligned with the gun(s). 

[0041] FIG. 2 further shows the spraying parameters of a coating 
application example for a part P having a 20" length 
wherein spraying is to start 6"(of conveyor travel) before 
the front edge fe of the part arrives at the gun G (FES), and 



to continue for 4"(of conveyor travel) after passage of the 
back edge be of the part passes the gun G (BES). This set 
of gun triggering parameters ensures that the front and 
back edges of the part P are adequately coated. This spray 
pattern is referred to as an extended wrap, and covers a 
total distance (or length of conveyor which passes the 
gun) of 30" (6" (FES)+ 20" (Part Length) + 4" (BES)) 

[0042] For the above example, the following three gun triggering 
control settings are made: 

[0043] i. The Pickoff is set to cause the guns to theoretically 
start spraying exactly when the front edge of the part 
reaches the gun (100"). From this point, the gun will spray 
for 20" (i.e., 20" of conveyor passage) in that the photoeye 
has measured the length P of the part as 20". 

[0044] 2. The FES is set to cause the guns to actually start spray- 
ing 6" before the front edge of the part reaches the guns, 
i.e. FES=6". 

[0045] 3. j he BES is set to cause the guns to actually stop spray- 
ing after the back edge of the part moves past the guns a 
distance of 4", i.e., BES=4". 

[0046] This gun triggering setup will cause the guns to spray for 
a time duration equal to 30"o f conveyor passage. Because 
the FES and BES settings are independent, an adjustment 



of one does not require adjustment of the other. 

[0047] | n the event a change to the triggering setup is desired to, 
for example, commence spraying 9" before the front edge 
and to stop spraying 4" after the back edge, the FES is the 
only data that is required to be changed (from 6" to 9"). 
he Pickoff is not changed. The FES is set by an operator to 
start spraying 9" before the front edge of the part arrives 
at the gun(s). The BES is not changed, and will to continue 
to cause the gun to spray for 4" of passage of the back 
edge be of the part past the gun. The new triggering 
setup, which required only a change of the FES, will cause 
the guns to spray for a duration equal in time to 33" (9" + 
20" + 4") of conveyor passage 

[0048] jhe invention further includes a feature for automatic 

setup of the gun triggering parameters. Instead of the trial 
and error setup procedures used in prior art systems, and 
the required mathematical calculation of new parameter 
settings every time the Pickoff was changed, the invention 
enables a user to set the spraying parameters based upon 
real-time observations of part conveyance past the gun(s). 
As shown in FIG. 3, the system includes an input control 
100, which is preferably in the form of a hand-held pen- 
dant connected by electrical line 110 to controller 200. 



Pendant 100 preferably has a START SPRAY control 101, 
which triggers the gun(s) on to begin spraying coating 
material; a STOP SPRAY control 102 which triggers the 
gun(s) off, a SAVE control 103 which stores the START 
SPRAY and STOP SPRAY inputs in a controller as described 
below, and a SET PICKOFF control 104 which stores a 
Pickoff value in the controller. The input control 100 is 
preferably located or locatable proximate to the associ- 
ated spray guns where an operator has a clear view of the 
coating operation of parts as they pass the spray guns. 
[0049] | n operation, typically to perform a system setup with an 
extended wrap spray pattern, an operator starts coating a 
part by pressing the START SPRAY control 101 as the part 
approaches the first gun and reaches the location where 
spraying should start, presses the SET PICKOFF control 
104 when the front edge of the part is located at or 
aligned with the first gun, and turns the guns off by 
pressing the STOP SPRAY control 102 when the part 
reaches the location where spraying should stop. These 
visually determined gun triggering control parameters are 
input to a system controller 200 to which the pendant in- 
put control 100 is operatively connected. The controller 
200 is, for example, a programmable logic controller hav- 



ing memory and signal generators operatively connected 
to gun triggering mechanisms 202 which control the ON/ 
OFF state of guns G. In the case of a powder coating gun, 
the gun is turned ON when the pump 220 which feeds the 
gun G is turned on since there is no on/off valve in the 
gun itself. Powder is supplied to the gun as follows. A 
compressed air source 222 is connected by an air line 224 
to a regulating device 226 such as a Nordson Corporation, 
Amherst, Ohio voltage to pressure regulator. An electrical 
line 228 from controller 200 provides a signal to regulat- 
ing device 226 representative of the air flow to be sup- 
plied to pump 220 for the flow rate of powder to be deliv- 
ered to gun G. In response to the signal on electrical line 
228, regulating device 226 provides a compressed air flow 
through air line 230 to pump 220. The air flow through 
pump 220 creates suction force in the suction tube 234 
which extends down into the fluidized powder feed hop- 
per 232. This suction force pulls powder up the suction 
tube 234 into pump 220 and through hoses 236a-d to 
guns G. While the powder supply system for only gun G is 
shown in Figure 3 for convenience, identical powder feed 
systems would be utilized for the remaining three guns 
shown in Figure 3. Gun G is an electrostatic powder spray 



gun such as the Nordson Versa-Spray II gun which in- 
cludes a power supply for electrostatically charging the 
powder sprayed from the gun. 
[0050] | n operation, when controller 200 initiates a signal to trig- 
ger gun G on an electrical signal will be sent through line 
228 to regulating device 226 to allow air to pass from 
source 222 through air line 230 to pump 220 to pump 
powder through hose 236 to gun G. When spraying is to 
be terminated, a signal will be issued by controller 200 on 
line 228 to regulating device 226 to terminate the air flow 
on line 230 so that no powder is pumped to pump 220 to 
gun G. 

[0051] Signals from an encoder 204, connected to the conveyor 
C, are input to controller 200 for synchronization of gun 
triggering controls with movement of part P by conveyor 
C. A sensor 206, such as a photoeye, is located proximate 
to conveyor C and parts P to sense the presence of and 
otherwise identify parts as they are conveyed past, and to 
measure the overall length of a part as a corresponding 
number of encoder pulses or counts. 

[0052] a typical automatic setup sequence of the system using 
the input control pendant 100 is as follows. 

[0053] i. The controller 200 is placed in a setup mode by press- 



ing a GUN SETUP MODE button 210 on controller 200. 

[0054] 2. A conveyor C loaded with at least one part P is activated 
to carry the part toward the guns. The movement of the 
conveyor is encoded and signals of encoder 204 are sent 
to controller 200. 

[0055] 3. The START SPRAY control 101 is pressed when the le of 
the part is at a desired position relative to the gun(s), 
whereat the gun(s) is to be turned on. This input sets a 
FES value in controller 200. 

[0056] 4. The SET PICKOFF control 104 is depressed when the le 
of the part is positioned at the first gun. This sets the 
Pickoff value "DD" in controller 200. The Pickoff value 
need be set only once for each fixed distance between the 
gun and the sensor. If either the guns or sensor are 
moved, a new Pickoff value is input to the system. The SET 
PICKOFF step can alternatively be performed by a second 
sensor operative to detect when the leading edge of a part 
is aligned with the first gun of an array. 

[0057] 5. The STOP SPRAY control 102 is depressed to turn the 
gun(s) off at a desired position of the back edge of the 
part relative to the gun(s), whereat the gun(s) is to be 
turned off. This sets the BES value in controller 200. Note 
that the STOP SPRAY location is actually the location of le 



when the back edge is at the appropriate position relative 
to the gun. 

[0058] 5, if the operator is satisfied with the coating results, the 
FES, Pickoff and BES settings are stored in the controller 
memory by pressing the SAVE control 103 on the pendant 
100. 

[0059] The above procedure establishes the triggering parame- 
ters for the particular part which is identified to the con- 
troller. In subsequent runs, the FES and BES settings can 
be modified, by operation of the START SPRAY and STOP 
SPRAY controls, as needed to extend or restrict the trig- 
gering pattern at the leading or back edges of the part, 
respectively. Alternatively, new FES, BES and Pickoff values 
can be changed through a key pad input. The Pickoff set- 
ting is not changed unless the physical distance between 
the photoeye sensor 206 and the gun C is changed. In a 
system with multiple guns, only the guns put in setup 
mode will spray during the test. Through the controller, a 
single gun or any combination of multiple guns can be 
setup and tested simultaneously. Operator set triggering 
parameters can be downloaded to a selected gun or guns 
at any time by pressing a GUN SETUP COPY control 212 on 
controller 200. The copy of the gun setup can be sent to 



any gun by specifying the gun number. After all the guns 

are set, the system is operated in an automatic mode to 

coat a series of parts in a production run. 
[0060] The system uses the following formulas to compute the 

FES and BES: 
[0061] FES =Pickoff - START SPRAY 

[0062] BES =(STOP SPRAY - Part Length) - Pickoff 

[0063] As a part passes in front of the sensor 206, the controller 
200 tracks arrival of the front edge, and the length of the 
part which is stored in the controller memory, he SET 
PICKOFF control 104 is pressed when the front edge of the 
part is aligned with the first gun. This is the Pickoff setup 
portion of the method which is done only once for a par- 
ticular run of parts. In the example of FIG. 2, the length of 
the part is 220" and the Pickoff is set at 100". 

[0064] The FES and BES are setup based upon part geometry, 

spacing on the conveyor, conveyor speed, and coating re- 
quirements such as extended wrap or restricted spray, 
and ultimately by the operator's observation of the coat- 
ing operation. The controller records a length of the part 
as detected by sensor 206. With a START SPRAY command 
entered at 6" prior to arrival of the front edge of the part 



at the gun(s), the front edge of the part has traveled 994" 
from the sensor 206 when it arrives at the START SPRAY 
(FES) point. With a STOP SPRAY command entered at 4" af- 
ter the back edge of the part passes the gun(s), the dis- 
tance traveled by the front edge of the part is 124"(i.e., 
100"+ 20"+ 4"). The controller 200 thus computes the FES 
and BES as follows: 
[0065] FES = Pickoff - START SPRAY = 100 - 94 = 6" 

[0066] BES = (STOP SPRAY - part length) - Pickoff = 124 - 20 - 
100 = 4 

[0067] |f the FES computed is positive, it is the length of conveyor 
travel during which the gun sprays before the part reaches 
the gun. f the FES computed is negative, it is the length of 
the part which moves past the gun before the gun starts 
spraying. If the FES computed is zero, it means that the 
gun starts spraying exactly when the front edge of the 
part reaches the gun. 

[0068] |f the BES computed is positive, it is the length of con- 
veyor travel during which the gun sprays after the part 
passes the gun. If the BES computed is negative, it is the 
length of the part not sprayed when the gun stops spray- 
ing. If the BES computed is zero, it means that the gun 
stops spraying exactly when the back edge of the part is 



aligned with the gun. 
[0069] The system also includes a function for storing different 
part coating "recipes" which are then automatically exe- 
cuted as different types of parts are conveyed past the 
guns. Each recipe may have different gun triggering pa- 
rameters, different FES and BES settings corresponding to 
different types of parts. The recipes are entered into the 
system in the manner previously described. A part identi- 
fying device 250 such as a bar code reading device can be 
used to identify each part with the gun triggering parame- 
ters, or recipe, entered into the controller for the part. 
Each different type of part to be coated is assigned a 
recipe number. The implementation of multiple part coat- 
ing recipes does not require multiple Pickoffs to be calcu- 
lated and input for each type of part. In the system, the 
Pickoff is a function of the location of the gun relative to 
the photo-eye and is not a parameter that is changed to 
achieve different spray patterns. Regardless of the type of 
part, the Pickoff is fixed. Therefore only the FES and BES 
are adjusted to accommodate different part types. The 
system thus expands the capability of setting up multiple 
recipes for gun triggering without the need for multiple 
Pickoffs to be calculated and input. 



[0070] As parts are conveyed past the guns, the system deter- 
mines the recipe (i.e. the triggering parameters) of the 
next part to be coated while coating the current part. 
When the back edge of the current part reaches the gun 
(at the Pickoff), the system loads the FES corresponding to 
the next part. At this point, the guns are still operating 
according to the BES control parameter for the current 
part. When the front edge of the next part reaches the gun 
(at the Pickoff), the BES for this next part (which is now 
the current part) is loaded. This "look ahead" cycle contin- 
ues throughout a succession of parts which may be simi- 
lar or dissimilar in shape and size. 

[0071] |f t he BES of the current part and the FES of the next part 
overlap, the gun will continue to spray the entire gap be- 
tween the current and the next part. An overlap occurs 
when the sum of the BES of the current part and the FES of 
the next part is greater than the gap between the current 
and the next part. In that case, the FES of the next part 
takes precedence over the BES of the current part. This of 
course is dependent upon the spacing of the parts on the 
conveyor. Other parameters related to the part type, such 
as the pump air pressure and the high gun voltage, can be 
loaded in the controller memory along with the FES and 



BES gun triggering parameters. 

[0072] | n one particular implementation, a shift register carries a 
snapshot of the part as it passes the sensor 206. For ex- 
ample, in the case where sensor 206 is a photoeye, the 
system records the length of time the photoeye is blocked 
by a passing part. The shift register is shifted every clock 
pulse generated by an encoder 204 which is operatively 
connected to the conveyor or conveyor drive as is known 
in the art. A set of pointers to the shift register accesses 
the information in the shift register as the part is carried 
by the conveyor. As explained above, the FES and the BES 
can be negative or positive. Each pointer sets a target 
spray pattern in the shift register. 

[0073] FIGS. 4 and 5 illustrate a method for converting operator 
inputs of START, STOP, SAVE and SET PICKOFF, into gun 
triggering control parameters. The method enables an op- 
erator, who is observing the passage of a part past a spray 
gun, to set the START SPRAY point by pressing the START 
SPRAY control at a desired position of the front edge of 
the part relative to the gun, to set the Pickoff by pressing 
the SET PICKOFF control when the front edge of the part is 
aligned with the gun, and to set the STOP SPRAY point by 
pressing the STOP SPRAY control at a desired position of 



the rear edge of the part relative to the gun. 

[0074] At step 0 the length of the part is measured as follows: 
Shift register SR(I) is set to shift for every encoder pulse. 
When the leading edge "Le" of a part is at the photo eye, 
the encoder count at that location EECO is set at zero. The 
value of the count is incremented every encoder pulse as 
the conveyor moves. When the trailing edge of the part 
passes the photo eye, the location of Le is registered as 
the encoder count EC1 and the length of the part is calcu- 
lated as P = EC1-EC0. 

[0075] At Step 1, the START SPRAY button is pressed at a desired 
position "S" of Le to the gun. The encoder count EC2 cor- 
responding to this location is registered as S=EC2. 

[0076] At Step 2 the SET PICKOFF button is pressed when Le is 

aligned with the spray gun. The encoder count EC3 corre- 
sponding to this location is registered as Pickoff point 
"D"= EC3. 

[° 077 ] At Step 3, the STOP SPRAY button is pressed when the 

rear edge of the part is at the desired position relative to 
the gun, but which is recorded as the position "R" of Le 
relative to the gun. The encoder count EC4 corresponding 
to this location is registered as R=EC4. 

[0078] At Step 4, the front edge spray (FES) is calculated as D-S 



or EC3 - EC2. Back edge spray (BES) is calculated as 
(R-P)-D or (EC4 - EC1) - EC3. 
[0079] The Pickoff point D and part length P are constants. 

Therefore if a change to the FES is input into the system, 
the system can automatically calculate a new location S, in 
encoder counts, where spraying will start. Likewise, if a 
change to BES is input into the system, the system will au- 
tomatically calculate a new location R, in encoder counts, 
where spraying will end. Consequently, unlike the prior art 
systems, FES and BES can be independently adjusted, 
which greatly simplifies operation of the system, espe- 
cially where various sized and shaped parts are coated on 
the same line. 

[0080] jhe system enables independent settings of FES and BES, 
for any combination of extended or restricted spray pat- 
terns, by tracking the part as it travels past the gun. As 
shown in FIG. 6A, the part length P is determined as the 
number of conveyor encoder counts during which the part 
is in front of the photoeye PE. The fixed distance D from 
the photoeye PE to the gun G is known. In an extended 
spray pattern, the START SPRAY part position S is deter- 
mined as the difference D-FES. The distance FES is then 
added to the total spray duration so that the gun will 



spray for the total length of the part. 

[0081] FIG. 6B illustrates the front edge spray (FES) in a restricted 
spray pattern wherein the START SPRAY part position S of 
Le is beyond the distance D from the photoeye PE to the 
gun G, resulting in a negative FES value which is sub- 
tracted from the distance D (D-(-FES)) so that in this case 
the gun does not spray for the total length of the part. 

[0082] FIG. 6C illustrates an extended back edge spray (BES) pat- 
tern in which the STOP SPRAY point R is a distance BES be- 
yond the fixed distance D. The BES spray control parame- 
ter is measured from the back or trailing edge of the part, 
so in the case of extended BES it is a value which is added 
to the total spray duration. 

[0083] FIG. 6D illustrates a restricted BES in which spraying stops 
prior to complete passage of the part past the gun G, re- 
quiring a negative BES value which is subtracted from the 
total spray duration. 

[0084] The real-time operator controlled methodology of setting 
the gun triggering control parameters using a hand held 
pendant enables easy and accurate setup of an automated 
spray coating system. The system operator can quickly 
switch from an extended spray pattern to a restricted 
spray pattern, or a combination of patterns for different 



types of parts. The FES is used to add or subtract spray 
distance at the front edge of the part. The BES is used to 
add or subtract spray distance at the back edge of the 
part. The Pickoff is set once and will only change if the 
gun or photoeye is moved. In practice, only the FES and 
the BES are used to tailor the spray patterns to each part. 
[0085] Although the invention has been shown and described 
with respect to a particular preferred embodiment in a 
powder coating operation, it is equally applicable to a liq- 
uid painting operation, and it will be appreciated that the 
basic concepts of the invention are applicable to other 
types of spray gun control systems which may not be 
identical to those described here. Also, certain modifica- 
tions and alterations may be made to the described sys- 
tem and method which may nonetheless fall within the 
scope of the invention as defined by the accompanying 
claims. 



